Painful trigeminal neuropathy (PTN) presents with facial pain that coincides with the distribution of the trigeminal nerves (TNs). PTN develops in a variety of underlying conditions, but its pathomechanism is frequently undetermined. The International Classification of Headache Disorders 3rd edition (ICHD-3) defines such cases with unknown mechanism as idiopathic PTN (IPTN).^[@R1]^

We recently reported anti-Plexin D1 antibody (Plexin D1-immunoglobulin G \[IgG\]) in the sera of 10% of patients with limb and trunk neuropathic pain (NP).^[@R2]^ Plexin D1-IgG binds to and exerts cytotoxic effects against isolectin B4 (IB4)-positive pain-conducting small unmyelinated dorsal root ganglion (DRG) neurons.^[@R2]^ NP was improved in all Plexin D1-IgG--positive cases treated with plasma exchange.^[@R2]^ NP occasionally manifests facial pain; therefore, we assessed whether Plexin D1-IgG exists in patients with IPTN and determined whether Plexin D1-IgG binds to trigeminal ganglion (TG) neurons.

Methods {#s1}
=======

Patients {#s1-1}
--------

We enrolled 21 consecutive patients with IPTN who attended our clinic between 2008 and 2019, and we reviewed their medical records. An IPTN diagnosis was based on the established criteria^[@R1]^: unilateral or bilateral facial pain colocalizing with one or both TNs, clinically evident positive (hyperalgesia and allodynia) and/or negative (hypesthesia and hypoalgesia) signs of TN dysfunction, no identified cause, and not better accounted for by another ICHD-3 diagnosis. Patients with some underlying diseases were not excluded unless the mechanism causing PTN was established. As controls, 35 age- and sex-matched subjects without NP were used (25 healthy persons and 10 with neurodegenerative diseases).

Standard protocol approvals, registrations, and patient consents {#s1-2}
----------------------------------------------------------------

This study was approved by the Ethical Committee of Kyushu University (\#29-40 and \#30-164). All patients and controls provided written informed consent. Animal experiments were performed according to the protocols approved by the Institutional Animal Care and Use Committee at Kyushu University (A19-109).

Plexin D1-IgG detection {#s1-3}
-----------------------

For all participants, serum Plexin D1-IgG was measured by both mouse DRG tissue--based indirect immunofluorescence assays (IFAs) and Western blotting (WB) using recombinant human Plexin D1 (rhPlexin D1) accompanied by immunoadsorption tests with rhPlexin D1 (R&D Systems, Minneapolis).^[@R2]^ Before testing, patients\' sera were preabsorbed with mouse liver powder (Rockland, Gilbertsville).^[@R3]^

Mouse tissue--based IFAs {#s1-4}
------------------------

IFAs were conducted using patient IgG and 4-µm paraffin sections processed from 10% buffered formalin-fixed adult male C57BL/6 mouse tissues (10--12 weeks old).^[@R2]^ We also performed double immunostaining of TG neurons with patient IgG and Alexa Fluor 594--conjugated anti-IB4 (Thermo Fisher Scientific, Waltham, 1:1,000) and with patient IgG and anti-neurofilament heavy chain (NFH) (Covance, Princeton, 1:500).

Data availability {#s1-5}
-----------------

Any data not published within the article will be shared in anonymized form by request from any qualified investigator.

Results {#s2}
=======

Detection of Plexin D1-IgG in IPTN {#s2-1}
----------------------------------

Serum Plexin D1-IgG detected by both IFA and WB was more frequent in patients with IPTN than in controls (3/21 \[14.3%\] vs 0/35 \[0%\], *p* = 0.048) ([figure 1](#F1){ref-type="fig"} and [table](#T1){ref-type="table"}). The overall coincidence rate of positive WB and IFA results was 98.2% (55/56, 1 control had an immunoreactive IgG band on WB but negative immunoreactivity to mouse DRG). Three patients who were Plexin D1-IgG--positive also had limb or trunk NP and commonly showed tongue pain, which was more frequent compared with patients with IPTN who were Plexin D1-IgG--negative (100% vs 11.1%, *p* = 0.03) ([table](#T1){ref-type="table"}). Otherwise, no difference was found in any parameter examined between the 2 groups. Here, we present 3 IPTN cases with Plexin D1-IgG.

![Detection of Plexin D1-IgG by IFA using mouse DRG and WB with rhPlexin D1\
(A) IFA with mouse DRG for case 1. IgG from case 1 (green) bound to small DRG neurons (upper images). The immunostaining (green) of small DRG neurons by IgG from case 1 was prevented by preincubation with rhPlexin D1 (2 µg/mL) (lower images). Nuclei are counterstained with 4′,6-diamidino-2-phenylindole (DAPI) (blue). (B) IFA with mouse DRG for case 2. IgG from case 2 (green) bound to small DRG neurons (upper images). The immunostaining (green) of small DRG neurons by IgG from case 2 was prevented by preincubation with rhPlexin D1 (2 µg/mL) (lower images). Nuclei are counterstained with DAPI (blue). (C) WB analysis using rhPlexin D1 and IgG from cases 1, 2, and 3, 3 patients with IPTN without Plexin D1-IgG, 3 healthy controls, 3 patients with neurodegenerative diseases, and a commercial anti-human Plexin D1 antibody. WB of rhPlexin D1 with IgG samples from cases 1, 2, and 3 showed a common immunoreactive band between 150 and 250 kDa, similar to the commercial anti-human Plexin D1 antibody (R&D Systems, Minneapolis). All other samples were nonreactive. Scale bars: (A and B) = 50 µm. DRG = dorsal root ganglion; IFA = immunofluorescence assay; IPTN = idiopathic painful trigeminal neuropathy; ND = neurodegenerative diseases; Plexin D1-IgG = anti-Plexin D1 antibody; rhPlexin D1 = recombinant human Plexin D1; WB = Western blotting.](NEURIMMINFL2020028605f1){#F1}

###### 

Clinical features of patients with IPTN with and without Plexin D1-IgG

![](NEURIMMINFL2020028605t1)

Case 1 {#s2-2}
------

A 64-year-old woman had a 15-year history of persistent pain and numbness in her tongue and perioral area, which gradually spread to all 3 divisions of bilateral TNs and both upper limbs. Neurologic examination revealed a decreased sensation to pinprick and light touch in all TN divisions and the upper limbs. A nerve conduction study (NCS) showed decreased sensory action potentials in her upper limbs. Bilateral blink reflexes showed delayed R1 and R2 responses. IV immunoglobulin (IVIg) administration did not improve her symptoms.

Case 2 {#s2-3}
------

Two months before admission, a 46-year-old woman with atopic myelitis developed persistent pain and numbness of the tongue, face, and a girdle-like sensation around mid-trunk. Neurologically, she had hypesthesia in the tongue, face, and mid-trunk on admission. Spinal cord MRI revealed T2 hyperintense lesions at the level of Th8, whereas cranial MRI showed no relevant lesions. Her pain in the tongue, face, and mid-trunk was relieved by a combined administration of corticosteroids, azathioprine, and analgesics.

Case 3 {#s2-4}
------

An 81-year-old woman with a history of hepatitis B virus--related liver cancer presented with tingling in her tongue and the soles of her feet, which she had experienced over the preceding 12 years. Neurologic examination revealed a decreased sensation to pinprick in her tongue and feet soles but preserved vibratory sensation and normal deep tendon reflexes. NCS showed normal findings. Therefore, her diagnosis was small fiber neuropathy of unknown etiology. She received an analgesic agent only without immunotherapy to avoid hepatitis B virus reactivation.

Tissue-based IFA {#s2-5}
----------------

IgG from cases 1 and 2 bound to small TG neurons in IFAs ([figure 2, A and B](#F2){ref-type="fig"}). Preincubation with rhPlexin D1 prevented the staining of small TG neurons by the patients\' IgG ([figure 2, A and B](#F2){ref-type="fig"}), indicating that Plexin D1-IgG bound to small TG neurons. Dual labeling revealed that IB4 immunostaining, a marker for pain-conducting unmyelinated neurons, mostly colocalized with patient IgG binding ([figure 2C](#F2){ref-type="fig"}). Conversely, patient IgG did not colocalize with NFH, a marker for myelinated neurons ([figure 2D](#F2){ref-type="fig"}). These findings indicated that Plexin D1-IgG binds to pain-conducting unmyelinated TG neurons in addition to DRG.^[@R2]^ IFAs of mouse brain, heart, and kidney tissues with patient IgG demonstrated weak immunoreactivity only in endothelial cells, which was prevented by preincubation with rhPlexin D1 ([figure 2E](#F2){ref-type="fig"}).

![IFA using mouse tissues and IgG from patients with IPTN with Plexin D1-IgG\
(A) IFA with mouse TG for case 1. IgG from case 1 (green) bound to small TG neurons (left image). The immunostaining (green) of small TG neurons by IgG from case 1 was prevented by preincubation with rhPlexin D1 (2 µg/mL) (right image). Nuclei are counterstained with 4′,6-diamidino-2-phenylindole (DAPI) (blue). (B) IFA with mouse TG for case 2. IgG from case 2 (green) bound to small TG neurons (left image). The immunostaining (green) of small TG neurons by IgG from case 2 was prevented by preincubation with rhPlexin D1 (2 µg/mL) (right image). Nuclei are counterstained with DAPI (blue). (C) Immunostaining for IB4 (red), a marker of unmyelinated C-fiber type TG neurons, mostly colocalized with IgG (green) in a representative patient with IPTN (case 1). (D) Immunostaining for NFH (red), a marker of myelinated Aβ and Aδ fiber type TG neurons, did not colocalize with IgG binding (green) in case 1. (E) IFAs with the mouse brain, heart, and kidney using IgG from a representative patient with IPTN (case 1). IgG from case 1 (green) restrictedly bound to endothelial cells (white arrows) in the cerebral cortex (upper image), heart (middle image), and kidney (lower image). The weak immunostaining (green) of endothelial cells by IgG from case 1 was prevented by preincubation with rhPlexin D1 (2 µg/mL). Nuclei are counterstained with DAPI (blue). Scale bars: (A--E) = 50 µm. IB4 = isolectin B4; IFA = immunofluorescence assay; IPTN = idiopathic painful trigeminal neuropathy; NFH = neurofilament heavy chain; Plexin D1-IgG = anti-Plexin D1 antibody; rhPlexin D1 = recombinant human Plexin D1; TG = trigeminal ganglion.](NEURIMMINFL2020028605f2){#F2}

Discussion {#s3}
==========

The main findings of the present study are as follows: (1) a small fraction of patients with IPTN had Plexin D1-IgG and (2) Plexin D1-IgG bound directly to small TG neurons, especially IB4-positive pain-conducting unmyelinated neurons.

Plexin D1 mRNA is present at low levels in various normal adult tissues.^[@R4]^ Recent studies found Plexin D1 mRNA and protein in normal adult human and mouse DRG^[@R2],[@R5]^ but not in the normal adult human brain and heart.^[@R6]^ In our study, Plexin D1-IgG from patients with IPTN immunoreacted with DRG neurons but only weakly immunostained endothelial cells in the brain, heart, and kidney, which is largely consistent with previous findings. NP is attributable to preferential binding of Plexin D1-IgG to DRG neurons, although endothelial cell dysfunction in NP should also be carefully monitored. Transcriptome analyses of TG and DRG neurons revealed that Plexin D1 mRNA is significantly enriched in DRG compared with TG neurons.^[@R5]^ Therefore, limb and trunk pain may occur more frequently than facial pain in Plexin D1-IgG--positive cases.

IVIg was ineffective for pain relief in case 1, whereas a combined administration of corticosteroids and azathioprine improved pain in case 2. The difference in disease duration (2 months vs 15 years) may explain the inconsistent effects of immunotherapy because long disease duration is associated with neural damage in autoantibody-mediated neuropathy.^[@R7]^ Alternatively, Plexin D1-IgG--mediated disease may be resistant to IVIg because some subclasses of IgG autoantibodies are reported to show resistance to IVIg.^[@R8]^

A study limitation is that we did not establish a cell-based assay for Plexin D1-IgG because transfection of various cell types, including human embryonic kidney 293 cells, with plasmids encoding Plexin D1 induced apoptosis.^[@R9]^ Establishment of a reliable cell-based assay for Plexin D1-IgG requires further study.

In conclusion, we have demonstrated the presence of Plexin D1-IgG in a small fraction of patients with IPTN and Plexin D1-IgG reactivity toward small TG neurons, which indicates that Plexin D1-IgG--related NP could manifest as facial pain in addition to limb and trunk pain.
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